Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



MATERIEL COMMAND

HEADOUARTERS AR
\WRIGHT FIELD, DAYTON, OHIO










A
DFa. 322
LI
ARR Jan. 1943
: NATIONAL ADVISOR‘/A COMMITTEE F gEé?NAUI’ICS

WARTIME REPORT

ORIGINALLY ISSUED
Januery 1943 re
Advence Restricted Report
WIND-TUNNEL INVESTIGATION OF A PIATN ATIFRON WITH VARIOUS
TRATILING-EDGE MODIFICATIONS ON A TAPERED WING
IIT - AILFRONS WITH SIMPLE AND SPRING-LINKED BALARCING TABS

By F. M, Rogallo and Paul E. Purser

lengley Memorial Aeronauticel Iabormtory

o8 a e g e e A dangley Field, Va.
i H
B : aU
P m'bh
Ril~--6 JUl ?I ‘31’
N ry Section
Air - ice (T-2)

Vtight Ficld, Uayton, Uimos

N ACA Air Documents Divis~a, T-2 |

R¥G, Viright Fisld

_ y Wicrofie: K,
wassmeton  |RC /SO¢

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requlring them for the war effort. They were pre-
. viousiy held under a security status but are now lagsified, Some of these reports were not tech~
nically edited. All have been reproduced without change in order to expedite general distribution.

L - k70




¥ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ot s

ADVANCE RESTRICTED REPORT

WIND-TUNNEL INVESTIGATION OF A PLAIN AILERON WITH VARIOUS
TRAILIWG-EDGE MODIPICATIONS ON A TAPERED WING
III - AILERONS WITH SIMPLE AND SPRING~LINKED BALANCING TABS
By ¥. M. Rogallo and Paul E. Purser

SUMMARY

. An investigation was made in the LMAL 7- by 10~foot
tunnel of various modifications to the trailing edge of a
0,155-chord plain alleron on a semispan model of the
tapered wing of a fighter airplane. The modifirations
coneidered in the present report are inget trailing-edge
taba linked to the aileron in such & way that the tabd
deflects iu the opposite directioan from the aileron and
reduces the aileron stick forces. Tests were made to

determine the effect of the gap at tke aileron nose and
the effects of tab span and location.

An analyeig wae made of the use of a gpring in the
aileron-tab linkage to eliminate the possibdility of over-
balance at low gpeeds and to reduce the variation of stick
force with speed.

The stick forces and rates of roll were egtimated for
a fighter airplane with plain ailerons, ailerons with sgim-
ple balanciag tabs, and allerons with apring-linked
balancing tabs.

The results of the testey and computetions indicated
that the upe of ailerons with esimple or spring~linked tabds
would reduce the high-speed sgtick forces to oonsideradly
lees than those sxperienced in the use of plain sealed
alleronrs if the allerox deflectiong were not excessive.
The uge of soring-linked tabg designed to give the desired
characteriptics at high speed would reduce tle variation
of stick force with speed and would aleo cause an increase
in aileron effectivenegs for a given stick deflection ae
the spoeed was reduced. The possibdility of flutter bdeing
introduced by the presence of the spriag wag not investi-~
gated.
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acting on it might bde determined. Provision was made for
changing the angle of attack while the tunnel was in
operation.

The aileron wae deflected by means of a calibrated
torque rod connecting the outboard end of the aileron with
8 crank outside the tunnel wall and the aileron hinge
moments were determined from the twigt of the rod (fig. 1).
Tab hinge momente were not determined.

Model

The tepered-wing model used in these tests was built
to the plan form shown in flgure 2 and represents the
cross—~hatched portion of the airplane shown in figure 3.
The basic airfoil sections were of the NACA 230 gseries
tapering in thicknees from approximately 15§ percent at
the root to 8% percent at the tip. The baeic chord ¢,
of the model was increased 0.4 inch at every spanvise sta-
tion to reduce the trailing-ed e tnickness and the last
for etations were refaired to give a smooth contour. Ordi-
natee for the extended And refaired sections are given in
table I. The detailg of the mileron and the full-span tabd
are shown in fisure 4. The tad wap divided into three eseg-
ments of egual span tuat could be deflected independently
of one another.

Test Conditiong

All the teste were made at & dynamic praesure of 9.21
pounds per square foot, which corresponds to a velocity of
about 60 wiles per hour and to » teat Reynolds number of
about 1,540,000 baged on the wing mean aerodynamic¢ chord
of 33.66 inches. Thse effaoctive Reynolde number of the
teats wae about 2,450,000 tased on a turbulence factor of
1.6 for the Ludl 7- dy 10-foot tunnel. Tae present tests
were made at lov scale, low velocity, and high turbulence
relative to flight conditions to which the results are
applied. The effecte of theee variablse were not determined
or estimated.

RESULTS AND DISCUSSION

Coefficientg and Correctiony

The symbols used in the pregentation of results ares




11ft coefficlent (L/q8)

uncorrected drag coefficient (D/a8)
pitching-moment coefficient (M/qSc')
rolling-moment coefficient (L'/qbs)
yawing-moment coefficient (N'/qbs)

aileron hiuge-moment coefficient (E/qb,3,%)
Cp of up aileron - Cp of down alleron
actual wing chord at any epanwige location

chord of basic airfoil gection et any spanwigs
location

mean aerodynamic chord

aileron chord measured along airfoil chord line from
aileron hinge axis to trailing edge of aillsron

root-mean-gquare chord of the aileron

tad chord meagured along airfoil chord line from tad
hinge axie to tralliag edge of airfoil

twice ppan of eemigpan model
aileron span

tadb span

twice area of gemigpan model
twice 1lift on eemigpan model
twice drag on semigpan model

twice pitching moment of semiepnn model about gupport
axie

rolling moment, due to aileron deflection, adbout wind
axis in pilene of symmetry

yawing moment, due to aileron deflection, about wind
axie in plane of symmetry
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aileron moment about hings axis

algedraic difference of right- and left-hand aileron
hinge momenta, foot-~pounds

dynamic pragsure of air gtream uncorrected for blocking

(1
\2 “')
frea-gtream valocity
indicated velocity
angle of attack

aileron deflection ralative to wing; positive when
tralling adga 1 dovn

reduction in aileron deflection due to spring daflac-
tion, degrees

tad deflection relative to aileron; positive when
trailing edge is down

control~stick deflection

rate of change of rolling-moment coefficient Oz'
with helix angle pb/8V

rate of roll

atick force

spring oonstant (one spring), pounds per foot
length of aileron-control hora, feet

length of tab-~control horan, fest

length of control estiok, feest

A positive valua of L' or Cj' corresponds to an

incraage in 1ift of tha model, and a positive value of N'

(-2 4

Cq' corresponds to a decreage in draz of the model,
Twice the actual 1ift, drag, plitching moment, aream, aud

span of the wodel were used in the reduction of the results

bacausa the model represented half a complote wing.

drag cosfficient and the angle of attack have besn corrected

Tha
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only in accordance with the theory of trailing-vortex
images. Corresponding corrections were applied to the
rolling- and yawing-moment coefficiente. No correction has
been applied to the hinge-moment coefficients. No correc-
tions have been applied to any of the repsu.ts for blocking,
for the effects of the gupport strut, or for the treatment
of the inboard end of the wiag, that ia, the gmall gap be-
tween the wing and the wali, the leekage through the wall
around the support tube, and the boundery layer at tie wall.
Thege effecte are probably of gecond-order. importence for
the rolling- and yewing-moment coefficlents (which mre
bagically incremeantal data) but may have uore effect oa

the other forceg end roments, varticularly on the drag
coefficlients. It 1g for this reason that the dreg coeffi-
clents are referred to as uncorrected.

Characteristics of kodel with Aileron
and Tab Neutral

The characterigtics of the tapered-wing model with
the plain aileron and the tab fixed at serp deflection
are ghown in figure 5. The preeence of a 0.005¢ gap at
the aileron nose had very little effect omn the wing
charactesrisgtics.

Alleron Characteristice

gealed and unsealed allerons are presented in figure 6.
‘A.comparison of the incremexts betveen §, = 18 and

8a = ~15° ghows that the preseuce of the 0.005¢c gap at
the aileron nose reduced the rolling~moment coefficient

by about 16 percent and increesed thne hinge-moment coeffi-
cieat by aoout 12 percent but nm& little effect on the
slope of the hisge-mouent curve ach/aaa at small deflec-
tions.

Ailerong with full-gpen tabg.- The ckeracteristics
of the plain pealed and unsealed eilerons with full-span
tabe are ehown in figures 7 end 8, respectively. The tad
charecterisgtice are eggentially the eame aon the gealed
.and ungealed ailerons although the varistions of rolling-
and hinge-moment coefficiente with both tad and aileron
deflection were generally more irregular “or the ungcaled
aileron than for the sealed aileromn. At low deflections
of the unsealed mileron (fig. 8) the effective range of




tab deflection was £20° or lsss but, at high ailsron de-
flsctions, ‘the tab appeared to maintain its effectivenesgs
to 225°, espscially when deflected ms a balancing tab.
The sealed aileron (fig. 7) would probably have exhibitsed
similar characterigtice if the tabd had been deflected
more than £20°. '

Alleron with partial-gpan tabg.- The effects of vary-
ing the gpan and the location of the tad on the plair un-
sealed aileron at a 'low angle of attack are shown in fig-
ure 9. The parameters ac;'/B&; and ach/aat in flgure
9 are one~-twentieth of the increments of rolling~ and
htnse-mgment coefficients between tadb deflections of 10°
and -10%,

The values of -ach/ast are larger for the inboard
tabe than for the outboard ones, as was sxpeoted because
of the increase in tab and aileron chord with digtance
from the wing tip, these chorda being a constant percent-
age of the wing chord. The valuos of BGL'/BB‘ for the
1/3—.pan tabg are about equal regzardless of spanwige loca-
tion, probadbly because as the digtance from ths wing tip
increases the increase in the tab chord is roughly compen-
sated by the decreage in the moment arm of the tad about
the aggumed airplane center line. The differences in the
values of aczvlas‘ for the 2/3-epan tabs have not been

accounted for.
Spring-linked Tabe

Recent amtudies., particularly in England (referenceg 2
to 4), have suggested that the introduction of springs into
the linkage systemeg of balancing taba affords a powerful
means of utilising the pogsibilities of thig device without
the rigk of overbalancing the control at low speedg and
with the advantage of a reduction in the variation of stick
force with speed,

The basic principle of the spring-linked tab is that
the tab deflection varios with the force required to over-
ate the aileron ingtead of varying as a function of only
aileron deflection. At high speeds and high aileron de-
flectione the tab deflection is therefore large dut, us
the gspeed and/or the aileron deflection decremess, the tab
dsflection also decreaseg and the system approaches tnat
of a plain unbalanced aileron; the variation of stick force
with gpeed isg thereby reduced and the risk of ovaerbalance
at low gpesds is eliminatsd.




A sketch of a spring-linked-tabd system is shown in
figure 10. 1If there 1ig no force. on the ailaron, it can
be deflected with no relative deflection between the ai-
leron and the tab. 1If there is a force on the aileron,
however, the spring connscted to the aileron through the
spring case will deflect and the displacement between the
plunger and the case will cause the tab to deflect rela-
tive to the aileron. A4n increase in force on the aileron
will increase the spring deflection and tlhereby the tad
deflection. It can be seen, therefore, that the tadb de-
flection will vary with the force on the aileron. 1In an
air etream the tab deflaction would reduce the aileron
force and a state of equilibrium would be reached at a
point depending on the geometry of the system. For a
given linkage arrangement, as the stiffness of the epring
aporoaches infinity (or ag the epeed sporoacheg sero),
the gystem epproaches that of a plain alleron and, as the
stiffneas of the spring approache¢s zero {or as the mpeed
approaches infinity), the syatem approaches that of =
servotab.

If the spring is preloaded Ly being installed in a
compressed condition (by use of screw cave on the gpring
caeo in fig. 10), the tab would not deflect until the
aileron force exceeded the amount of soring preload and
the initial slope of the stick-force curve would be higher,
giving the stick more feel near neutral. An airplane
equipped with a tab end preloaded spring has been tegt-
flown in England and ths flight~tegt results agreed rea-
sonably well with the egtimated characteristics. Thege
tests indicated that backlash in the tad gystem ghould be
eliminated. :

The types of stick-force curve that may be obtained
from aillerons with gpring-linked tabs by varying the value
of the epring constant k, and the spring preload are
ehown in figure 11, The reduction of maximum pblav with
reduction of stick force (fig. 11(a)) may sometimee be
compengated by an increaee of aileron deflection.

It hes 8ls0 baen suggested (reference 3) that the tabd
linkage be made ia such a way that, with an infinitely
stroug spring, the tab will tend either to balance or to
unbalencs the alleron. With such a linkage and a spring
of finite stiffness, the stick-force characteristics will
be 2 combination of those of an ordinary balancing {(or un-
balarcing) tab and those of a spring-linked tab.

-




A characteristic of spring-linked tabs is that, as
the upfloating tendency of the aileron is increaeed, the
tab and the aileron tend to deflect upward so as to reduce
the load in the system, thue reducing the poseidility of
overloading the ailerons during accelerated maneuvers;
this effect will generally be negligible under steady-
flight conditions, particularly if goms preload is used.
Aralygie indicates that tabe aa well ae ailerons should be
statically balanced to avoid oscillatione. The possibil-
ity of flutter being introduced by the preeence of the
spring was not invegtigated,

‘The-gensral egquations used in the design of nonprs-
loaded spring tabe, if it is assumed that the tad is amero-
dynamically balanced, are:

ac ac
AR = 2 kl"l."t sin 51‘. = i - § 51_‘ + a_g_h_

38,

5,) baca a (1)

8y = siov? B (2)

kozabt

A8, = sin”? E_ (3)

kgly®
5, =08, = a constant (for a given value of 3,) (4)

The factor 2 in equation (1) accounts for the fact that
there are two ailerons and two springs.

Estimated Rateg of Roll and Stick Forces

Ae an example of the application of the data the rates
of roll and the stick forces during eteady rolling of the
airplane of figure 3 have been estimated for five different
aileron arrangements (fig. 12). The rates of roll wers
estimated by meaus of the relationship

(5)

where the coefficient of damping in roll ctlp was tnﬁen

ag 0.46 from the data of refsrence 5. It has besn agsumed
that the rudder will be used to counteract the yawing
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moment, that the aileron-operating mechaniam is nonelasgtic,
and that the wing will not twigt. These alsumptionl lead
to computed ratee of roll.higher than may be expected under
actual flight conditions. The stick forcee were estimated
from the relationship

a(s, + Aba) 1l _ 90.3 acy, a(s, + A3,)

¥, = OK 1
d“l 1' oL ddy

(®)

dnd it wae aseumed that, for any given arrangement,

d(&. o Aaa) .'5; » A&a
a0, % L

= conetant = (%!)k .‘7)

: Equation (6) may be derived from the aileron dimen-
siong and the following airplane characteristice:

260
. 38
1.67:1
series
-84.14
. 7063
o B e
. ]
. *31

Wing area, asquare feet . . . .
Span, feet . . ¢ « ¢ s o o e-
Taper ratio . ... . e ath
Alrfoil eection (balic) A
Mean aerodynamic chord, inchal
Welght, pounde + « « . « « &

Stick length, feet . . . « .« + & & &
Maximum stick deflection, P, degres

EACA

e e e s s Do s .
[
o

Wing loading, pounds per .quare foot .
s

The value of the conatant in eguation (6) fe dependent
upon the wing loading, the size of the ailerons, and the
length of the etick. The tab was aseumed to be aerodynam-
ically balanced. The values of d(8, + 85,)/d8 , may be
determined from equation (7) and from the maximum stick de-
flection of *21° and the maximum aileron deflectione noted
on figurs 12. The values of C.'  and AC, used in equa-
tione (5) and (6) are the valuee computed to exist during
steady rolling; the local angle of attack at the ailerons
during rclling has been taken into account. In order to
take into account the local angle of attack at the aileronse,
the rolling- and hinge-momant cosfficients weras replotted
againat angle of mttack for eeveral aileron deflectione and .
the fairing between the two pointe at a = 0.1° and a = 13.4°
wae guided by the fairing of the curves for the plain un-
sealed aileron, which werse cross plota of figure 6(Db).
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It wag hoped that comparisons of the gtick-force
cheracteristics could be mads with all systems designed
‘to give a maximum computed pb/2V of 0.090 at V5 = 250
miles per hour. DBecauge of the amall sise of the aileron
and tab, however, excessive deflectiong would be regquired
to reaoh pb/2V = 0,090 and, consequently, the maximum
stick force would not be reduced below that for the plain
‘mailerons. (See fig. 12{a).) This regult is in agroement
with the conclusion of reference 6. OComparigon botween
tha plain aileron Aand the aileron with simple and spring-
linked tabg was thersfore made with systems dagigned to
give a pb/2V of 0.075 rt V4 = 250 milee per hour.

In ogtimating the ratos of roll and the gtick forcos
for the aileron with the spring-linked teb (figs. 10 and
13), ourvee of pb/ZV and aileron hinge moment during
steady rolling were plotted against aileron deflection
for various values of &, &t two values of V;. The

characteriagtics weres estimated using the above~mentioned
curves and equations (2) to (&) .

The value of AH wag arbitrarily limited to a maxi-
mum of 40 foot-pounda at an indiceted velocity of 250
miles par hour and the values of l,, l,, and 1, were

asggumed to be 0.3 foot, 0.1 foot, and 2.0 feet, respac-
tively. Under these conditions the values of k., 8, A&y,
and 8¢ required for a pb/2¥ of 0.075 at full stick
deflection were found t o be, respectively, 3420 pounds per
foot, #200, 2B.4°, and ¥T17%. With these constanty, equa~-
tion {5) reduced to P = 0.676 AH.

The folldwing table shows the characteristics of the
aileron with the spring-linked tad and outlines the pro-~
oedurs by which the egtimatione were msde from the rela-
tionghips givent
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spesd stiok force by about 3 pounds. The decrsase in Ad,
would allow an increase in the ratio of stick deflection
to aileron deflection with the resgult that, for the same
maxipum mileron deflection of 20° at high speed, the stick
forces would be reduced by adout 15 percent. It appears
advantageous, therefore, to use a spring as. stiff as pos-
sible without reducing the length of the tadb horm to a
value g0 small that the pin and bearing clearances would
-$ntroduce slack in the tab system.

The results of the computationg (fig. 12) indicstaed
that the uge of ailerons with siwple or spring~linked
balancing tabs would reduce the high-gpeed gtick forces
to considerably less than those experienced im the use of
plain gealed ailerons. TYor the particular arrangements
congidered the aileron with the spring-linked tab hed
about 2 pounds higher maximum etick force. at high mspeed
tihan the aileron with the simple tab. The aileron with
the spring~linked tab had the following advanteges- over

- the ajleron with the simple tabd: (1) legs variation of
stick force with speed, (2) sn increase in rolling effec~
tiveness as the speed wes reduced, (3) promige of even
lower high-speed stick forces without the risk of overbal-
ance at low speed, end (4) a decrease of the load on the
ailefon system during eccelerated meneuvers. As stated
before, the comparatively low maximum effectiveness at
high speed (pb/27 = 0.G75) shown in figure 12(b) was deter-

. mined by the fact that the eileron and the tab wsre small.
Comparable gtick-force charecteristics but with more rolil-
ing effectiveness could be expected from tiie use of larger
ailerons and tabs (referencs 7).

Attention is called to the fact that, because it auto-
matically reducee tiie aileron loads at high epesd, the
spring tab may prevent overstressing of the aileron system.
If so desired, the spring may be designed to close com-
pletely at full stick deflection at & particular indicated
velocity, thereby limiting the maxiwmum tad deflection. The
rapid increase of coatrol force after closure of the aspring
would tend to limit the stick deflection and thereby limit
the sileron loads.

The results of the various investigstions of spring
tabs both here and in England indicate that thig device ip
.vory prouvising as a means of adjusting control-surface
hinge moments and it is recommended that further investiga-
tions of the device be carried out im flight.




The results of the camputationes and the teste of
0.15%-chord ailerons on an NACA 230-peries airfoil indi-
cated that, for ths arrangsment tested, the use of alleroms
with simple or spring-linked balancing tabs womld reduce
the high-speed stick forces to considerably less than those
experienced in the use of plain sealed ailerons if the
pystems vere designed for low maximum aileron deflections.
The use »f spring-linked tabs designed to give the deeired
characteristice at high speed would redncs the variation
of stick force with epeed and would also cause an increase
in rolling effectiveness for a given stick deflection as
the speed was reduced, relative to plain aileroms.or ai-
lerons with simple tabe.
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TABLE I.- ORDINATES TOR AIRFOIL

(spanvwiss stations in inches T
stations and ordinatss in per

om root gection.

cent of basic wing ohord ¢ ]

[

Chord
1

Model wing gtation [+]

Upper Lower
station \uur!acn gurfaoe

0 0

«2b6 3.48 -1.60
5 4.61 -2.36
6.10 -3.21

-] 7.14 -3.82
7.89 -4,33

8.80 -5.12

20 9.32 «5.71

26 9.40 -6.10

30 9,37 -6.28

40 8.90 -6.33

60 8.02 -5.78

60 6.85 -6.06

70 5. 44 -4.10

80 3.87 -2.97

90 2.12 -1.67

9b6 1.16 -.94

100 .18 -.16
100.73 .03 -.03

1.3, radius? 2.65. 8Slope
of radius through end of
chord: 0.306

(_7 Model wing statlon g8.8

Lower
surface

Upper

gtation ourface

0
-.84
-1.07
-1.26
-1.40
-1.62
-1.86
-2.22
-2.46
-2.62
-2.70
-2.56
-2.37
-1.37
-1.36
-.78
-.46
“'01‘
-.0b6

D
1.89
2.6b
3.70
4.45
4,98
5. 5‘
5.73
26 B.77
30 5.71
40 5.36
50 4.78
60 4.06
70 3.21
80 2.26
90 1.22
96 .70
100 .18
101.2 .0b6

L.3. radius} 0.70. BSlop®
of radius through end of
chord: 0.306
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